US009679510B2

a2y United States Patent (10) Patent No.: US 9.679.510 B2

Li et al. 45) Date of Patent: Jun. 13, 2017
(54) DISPLAY APPARATUS AND PIXEL 2310/0248 (2013.01);, GO9G 2310/0275
VOLTAGE DRIVING METHOD THEREOF (2013.01); GO9G 2330/021 (2013.01)
(58) Field of Classification Search
(71) Applicant: AU Optronics Corp., Hsin-Chu (TW) CPC ...... G09G 3/2018; GO9G 3/20; GO9G 3/3685;
G09G 2310/0248; GO9G 2310/0275;
(72) Inventors: Huan-Hsin Li, Hsinchu County (TW); G09G 2330/021
Yu-Jen Chen, Hsin-Chu (TW); USPC e 345/212
De-Zhang Peng, Hsin-Chu (TW); See application file for complete search history.
Chi-Fu Tsao, Hsin-Chu (TW)
(56) References Cited
(73) Assignee: AU OPTRONICS CORP., Hsin-Chu _
(TW) U.S. PATENT DOCUMENTS
( *) Notice: Subject. to any disclaimer,. the term of this 200 5364 10034’52 22 zggg? Isé)lllija
patent 1s extended or adjusted under 35 2006/0001630 Al 1/2006 Chen
U.S.C. 154(b) by 99 days. 2006/0262069 Al  11/2006 Do
2008/0303809 Al 12/2008 Lee
(21) Appl. No.: 14/817,220 (Continued)
(22) Filed: Aug. 4, 2015 Primary Examiner — Mark Regn
(74) Attorney, Agent, or Firm — Locke Lord LLP; Tim
(65) Prior Publication Data lingkang Xia, Esq.
US 2015/0364074 Al Dec. 17, 2015 (57) ABSTRACT

A display apparatus includes a pixel array, a data line and a
data driver. The pixel array has adjacent first and second

(63) Continuation of application No. 13/462,779, filed on pixels disposed in different rows. The data line transmits first

Related U.S. Application Data

May 2, 2012, now abandoned. and second pixel voltages to be written mto the first and
second pixels respectively. The first and second pixel volt-
(30) Foreign Application Priority Data ages are employed to illustrate a same frame. The data driver
1s utilized for generating the first and second pixel voltages
Aug. 30, 2011  (TW) i, 100131067 A furnished to the data line based on input image data. The
data driver includes a voltage analysis unit and a voltage
(51) Imt. CL. setting unit. The voltage analysis unit 1s used for calculatin
H 2 2 y g
GOof 3/036 (2013-0:-) a voltage difference between the first and second pixel
GO9G 5/00 (2006-O:~) voltages, and for comparing the voltage difference with a
GO9G 3/20 (2006-O:~) preset value so as to generate a control signal. The voltage
GO9G 3/36 (20006.01) setting unit 1s utilized for setting the voltage of the data line
(52) U.S. CL according to the control signal.
CPC ... G09G 372018 (2013.01); GO9G 3720
(2013.01); GO9G 3/3685 (2013.01); GO9G 4 Claims, 9 Drawing Sheets
100
\\ 110 Sdata
| 112 Voltage
Data driver Y analysis unit
: : : : : 114 Setr
] ' ' ' . Voltage
Vs Vs Vs s \Kiig settmg ond
SDm-2 SDm-1 SDm SDm+1 SDm+2
120 a e " aa ]70
p 150 150 150 150 150 ,_J
| 175 175 175 175 L 175 3
Ca B S S P— — — P——— GLn
/ | Pn_m-2 | Pn_m-1 | Pn_m | Pn_m+l | Pn_m+Z . nth Tow
Scan | 160 (VPn_m-2) | | (VPn_m-1) (VPn_m) (VPn_m+1) | || (VPn_m+2)
driver GLn+1
? ? ? ? ?
St Porl_m2 | |[Patl_m1 | |[ Parlm | |[Pnrlmil | |[Pailmi2
:  Thventt_m-2)| [JvPn+1_m-D| [| (vPn+1_m) | [[VPn+1_m+1)| [[VPn+l_m+2) in+1jth row
160/ . ., ; — ; :
Ry . 175 . 175 - 175 - 175 . 175 -
DLm-2 DLm-1 DLm DLm+1 DLm+2




US 9,679,510 B2

Page 2
(56) References Cited
U.S. PATENT DOCUMENTS
2008/0309594 Al1* 12/2008 Mas .......ooeevvenennnn, G09G 3/3208
345/76

* cited by examiner



e\
=
— .
= [ DI
R Z+urq [+wrq wriq [-urq z-urq
=N
% GLT - GLT - GLT GLT GL1
U I. . . I. : ©®~
wor yypeu. . |G TTudA ([-W7 [+UdA) | [@-W 14UdA)
¢rtW [+ud [-W [+Ud ¢-W [+ud $.c©m

[+UTO
N o1 T (¢rul UdA) ([+W UdA) (W UdA) (- UdA) (@-W UdA) 091
° | . Z+Ul Ug [+Ur ud ur ug [-u1 ud 7-Ul Ud 105G
._w U"TY)
= CL1 CL1 GL1 GL1 GL1

04l 04l U4l 04l 041

m ¢ UAS [+ WS WS [ ¢S
] A A A S s
= BR[O A | | | | .

110G 48!

Jlun SISAjeue IDALID BIR(]
5RO\ ¢l

RIEPS OL1 //

001

U.S. Patent



US 9,679,510 B2

Sheet 2 of 9

Jun. 13, 2017
SGn

U.S. Patent

SGn+l

SDm

(Vdiff

= Vpd)

Im
L IT

SDm
(Vdiff <Vpd)

—

FIG. 2A



U.S. Patent Jun. 13, 2017 Sheet 3 of 9 US 9,679,510 B2

VPn m | :
SDm ' . :
(Vdiff = Vpd) |\£{ = ground voltage

SDm . ‘ii o
(Vdiff <Vpd)  |VPntl, m

Time -




& DA

US 9,679,510 B2

AOE

=)
= A0 AGI A0
N Z+wugsyV [+wdasy/ c-ugsyV
7 AGT+

AR [+wds wds
= AGTH AST- ASI- AST-
o cHW THUJA | U [HUdA [-W[+udA | g-W [+UdA
= ASTH
—
-

[+W UdA

WISITURYDAUL SUIALIP 23R}[0A dUI| BJep dpowl-uoljeidepy

U.S. Patent

Junowe dsueryd
J3B)[OA dUI[ BIep |10 |

[+ UNQ Jo asind surjndur uodn
JUNOW® 23ULYD 95L)|0OA U] BIR(]

[+ UNSQ pue ung Jo Sasind uaamlaq

dN[RA SUI]13S 95R)[0A AU BlRe(]

35R)0A [axX1d MOI YN [+U)

a3r)[0A [aXId MmOl U




US 9,679,510 B2

Sheet 5 of 9

Jun. 13, 2017

U.S. Patent

v Old

junowe asueyod

AO9 53B)[0A BUI] BIEP (RO [

[+ UNg Jo asind surnindur uodn
JUNOWe asURYD 35LR}0A U BIB(]

[+ UNS pue ung Jo sas|nd uaamlaq
IN[BA 3UI11AS IBR][0A dUI] BIR(]

AGTT AGT- AGT- AGT- AST-
GtW [+UdA | 1T+W [+UdA W T+UdA [-W [+UdA | W [+UdA
AGTT
¢t UdA

ASB)OA [aXIA MOI Y)Y +1)

28PJ0A 1aXId MOI YU

WISIURYO9W SUIALIP 93B]JOA Ul BIBP 9pOUL-UOI}IPRL [



G DI

US 9,679,510 B2

JUNOW® aguryd

ASZ J5R1[OA dUI| BlEP [BIO |
&N
= A4l AGI [+ ung asind 3utyndut uodn
o was \/ [-UAs\/ JUNOWe asUrYD 23R 0A aUl] Ble(]
&
m A0 [+ UNS pue ung Jo sasind usam)aq
[+WAs WS IN[BA SUI)13S 23R)[OA JUL BIR(]
L~ AGT- AGT- AGT- AGT-
= _ _ _ _ 95L)[OA [aX1d MOT YY[+U)
™ [+W [+UdA W [+UdA [-W [+UJA | ¢ [+UdA
er,
. AST+ AST4 AST-
= _ _ _ ISBY[OA [aX1d MOl U
- Z-ul udA [+W UJA 7-Ul UJ A

WISTURYOIW SUIALIP 98R)[0A AUI[ BIRP 9POUI-UOISIAIP-JOMOJ

U.S. Patent



U.S. Patent Jun. 13,2017 Sheet 7 of 9 US 9,679,510 B2

SDm
(Vdiff = Vpd)

SDm .
(Vdiff<Vpd)

1ime =




U.S. Patent Jun. 13, 2017 Sheet 8 of 9 US 9,679,510 B2

300

Provide the first pixel voltage VPn_m and //
the second pixel voltage VPn+1_m to be SS10
written into the tirst pixel Pn_m and the
second pixel Pn+1 _m respectively

Write the tirst pixel voltage VPn_m Q815
into the first pixel Pn_m

Calculate the difference voltage Vdiff QR2()
between the tirst pixel voltage VPn_m
and the second pixel voltage VPn +1 _m

S320

s the difference
voltage Vdift ereater or not

less than the preset voltage
Vpd?

No

Yes S330 S330

Retain the voltage of the data
line DLm to be around the
first pixel voltage VPn_m

during the interval after
writing the tirst pixel voltage
VPn_m into the tirst pixel

Pn_m and betore turnishing

the second pixel voltage

VPn+1_m to the second pixel

Pn+tl m

Set the voltage of the data
line DLm to be the reterence
voltage Vr during the interval

al ter writing the tirst pixel
voltage VPn_m into the first

pixel Pn_m and before
furnishing the second pixel
voltage VPn+1_m to the
second pixel Pn+1_m

Furnish the second pixel voltage VPn +1 _m
to the data line DLm and write the second SRI()

pixel voltage VPn+1 _m into the second pixel
Pn+l_m

FlG.



U.S. Patent

Jun. 13, 2017 Sheet 9 of 9

Provide the tfirst pixel voltage VPn_m and
the second pixel voltage VPn+1_m to be
written into the tirst pixel Pn_m and the

second pixel Pn+1_m respectively

Write the first pixel voltage VPn_m

into the tirst pixel Pn_m

Calculate the difference voltage Vdift
between the first pixel voltage VPn_m
and the second pixel voltage VPn +1_m

S320

s the ditfference

voltage Vdiff ereater or not No

US 9,679,510 B2

//

J00
SS10

S31O

S320

less than the preset voltage
Vpd?

res S840

Set the voltage of the data line
DLm to be the first reference
voltage Vrl during the first
interval after writing the first

SIS0

Retain the voltage of the data
line DLm to be around the
first pixel voltage VPn_m

during the interval after
writing the tirst pixel voltage
VPn_m into the first pixel
Pn_m and before furnishing
the second pixel voltage
VPn+l_m to the second pixel
Pn+l m

pixel voltage VPn_m into the
first pixel Pn_m

el the voltage ot the
DLm to be the second reference
voltage Vr2 ditfferent from the first
reterence voltage Vrl during the
second interval after the Tirst
interval and betore furnishing the
second pixel voltage VPn +1_m to
the second pixel Pn+l_m

S340

Furnish the second pixel voltage VPn +1 _m to the

data line DLm and write the second pixel voltage SE90

VPn+l m into the second pixel Pn+l m

FlG. 3



US 9,679,510 B2

1

DISPLAY APPARATUS AND PIXEL
VOLTAGE DRIVING METHOD THEREOFK

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation of U.S. patent applica-
tion Ser. No. 13/462,779, filed May 2, 2012.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The disclosure relates to a display apparatus and driving,
method thereot, and more particularly, to a display apparatus
having adaptation-mode data line voltage driving mecha-
nism and pixel voltage driving method thereof.

2. Description of the Prior Art

Flat panel displays (FPDs) have advantages of a thin
profile, low power consumption, and low radiation, and are
broadly adopted for application in a variety of electronic
appliances such as media players, mobile phones, personal
digital assistants (PDAs), and computer monitors, etc. In
general, the structure of a flat panel display includes a pixel
array, a data drniver, a scan driver, a plurality of data lines,
and a plurality of scan lines. The data driver 1s utilized for
providing plural data signals furnished to the pixel array via
the data lines. The scan driver 1s utilized for providing plural
scan signals furnished to the pixel array via the scan lines.
The pixel array 1s employed to illustrate 1mages through
performing pixel voltage writing operations based on the
data signals and the scan signals. However, as dimensions of
the flat panel display increase, both trace resistance and
parasitic capacitor of each data line increase, such that the
switching of voltage at each data line incurs higher charge/
discharge driving power consumption. For that reason, how
to reduce charge/discharge driving power consumption in
the process of voltage switching at each data line has
become one of the most important topics nowadays.

SUMMARY OF THE INVENTION

In accordance with an embodiment of the present inven-
tion, a pixel voltage dnving method for reducing the data
line driving power consumption of a display apparatus 1is
provided. The display apparatus includes adjacent first and
second pixels disposed 1n different rows. The pixel voltage
driving method comprises: providing a first pixel voltage
and a second pixel voltage to be written into the first and
second pixels respectively; calculating a voltage difference
between the first and second pixel voltages and comparing,
the voltage difference with a preset value for generating a
comparison result; and performing a pixel voltage driving
operation for writing the second pixel voltage into the
second pixel according to the comparison result. It 1s noted
that the first and second pixel voltages are employed to
illustrate one and the same frame.

The present invention further provides a display apparatus
having adaptation-mode data line voltage driving mecha-
nism for reducing the data line driving power consumption.
The display apparatus comprises a pixel array, a data line,
and a data driver. The pixel array has adjacent first and
second pixels disposed in different rows. The data line,
clectrically connected to the first and second pixels, is
utilized for transmitting a first pixel voltage and a second
pixel voltage to be written into the first and second pixels
respectively. The first and second pixel voltages are
employed to illustrate one and the same frame. The data
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driver, electrically connected to the data line, 1s employed to
generate the first and second pixel voltages based on 1mput
image data. The data driver comprises a voltage analysis unit
and a voltage setting unit. The voltage analysis unit 1s put 1n
use for calculating a voltage diflerence between the first and
second pixel voltages, and for comparing the voltage dif-
ference with a preset value so as to generate a control signal.
The voltage setting unit, electrically connected to the volt-
age analysis unit and the data line, 1s utilized for setting a
voltage at the data line according to the control signal.

These and other objectives of the present mvention waill
no doubt become obvious to those of ordinary skill 1n the art
alter reading the following detailed description of the pre-
terred embodiment that is 1llustrated 1n the various figures
and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic diagram showing the structure of a
display apparatus having adaptation-mode data line voltage
driving mechanism 1n accordance with a preferred embodi-
ment.

FIG. 2A 1s a schematic diagram showing related signal
wavelorms regarding the operation of the display apparatus
100 illustrated 1n FIG. 1 based on a first pixel voltage driving
method, having time along the abscissa.

FIG. 2B 1s a schematic diagram showing the related signal
wavelorms 1llustrated in FIG. 2B, where the reference
voltage 1s a ground voltage.

FIG. 3 1s a chart showing an analysis of pixel voltages/
data line voltages regarding the operation of the display
apparatus 100 having adaptation-mode data line voltage
driving mechanism illustrated 1n FIG. 1 based on the first
pixel voltage driving method.

FIG. 4 1s a chart showing an analysis of pixel voltages/
data line voltages regarding the operation of a display
apparatus having tradition-mode data line voltage driving
mechanism.

FIG. 5 1s a chart showing an analysis of pixel voltages/
data line voltages regarding the operation of a display
apparatus having power-division-mode data line voltage
driving mechanism.

FIG. 6 1s a schematic diagram showing related signal
wavelorms regarding the operation of the display apparatus
100 1illustrated in FIG. 1 based on a second pixel voltage
driving method, having time along the abscissa.

FIG. 7 1s a flowchart depicting the first pixel voltage
driving method for use in the display apparatus 100 1llus-
trated in FIG. 1.

FIG. 8 1s a flowchart depicting the second pixel voltage

driving method for use 1n the display apparatus 100 1llus-
trated in FIG. 1.

DETAILED DESCRIPTION

Hereinatter, some embodiments of the present invention
will be described 1n detail with reference to the accompa-
nying drawings. Here, 1t 1s to be noted that the present
invention 1s not limited thereto. Furthermore, the step serial
numbers regarding the pixel voltage driving method are not
meant thereto limit the operating sequence, and any rear-
rangement of the operating sequence for achieving same
functionality 1s still within the spirit and scope of the
invention.

FIG. 1 1s a schematic diagram showing the structure of a
display apparatus having adaptation-mode data line voltage
driving mechanism 1n accordance with a preferred embodi-
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ment. As shown in FIG. 1, the display apparatus 100
comprises a data driver 110, a scan driver 120, a plurality of
data lines 150 electrically connected to the data driver 110,
a plurality of scan lines 160 electrically connected to the
scan driver 120, and a pixel array 170. The data driver 110
1s utilized for converting mput 1image data Sdata into plural
data signals furnished to the data lines 150 respectively. The
scan driver 120 1s utilized for providing plural scan signals
turmished to the scan lines 160 respectively. The pixel array
170 comprises a plurality of pixels 175 arranged in a matrix
form. Each pixel 175, electrically connected to one corre-
sponding data line 150 and one corresponding scan line 160,
1s employed to illustrate 1image through performing a pixel
voltage writing operation based on one corresponding data
signal and one corresponding scan signal. For instance,
concerning a pixel Pn_m electrically connected to data line
DLm and gate line GLn, when the scan signal SGn enables
the writing operation of the pixel Pn_m, the data signal SDm
having pixel voltage VPn_m 1s written into the pixel Pn_m
for illustrating image. Alternatively, concerning a pixel
Pn+1_m electrically connected to data line DLm and gate
line GLn+1, when the scan signal SGn+1 enables the writing
operation of the pixel Pn+1_m, the data signal SDm having
pixel voltage VPn+1_m 1s written into the pixel Pn+1_m for
illustrating 1mage.

The data driver 110 comprises a voltage analysis unit 112,
a voltage setting unit 114, and a plurality of butlers 118. In
another embodiment, the voltage analysis unit 112 1s dis-
posed 1n a timing controller (not shown) of the display
apparatus 100. The voltage analysis unit 112 1s employed to
calculate a voltage diflerence Vdifl between the pixel volt-
ages of two adjacent pixels disposed 1n different rows, and
1s Turther employed to compare the voltage difference Vdiil
with a preset value Vpd for generating a control signal Sctr.
For example, a difference calculation may be performed
based on the pixel voltage VPn_m and the pixel voltage
VPn+1_m for obtaining the voltage difference Vdiil which
in turn 1s compared with the preset value Vpd for generating
the control signal Sctr. The preset value Vpd may be a
voltage difference between the highest and lowest pixel
voltages. Alternatively, the preset value Vpd may be a
positive voltage less than the voltage difference between the
highest and lowest pixel voltages, e.g. the preset value Vpd
may be half the voltage difference between the highest and
lowest pixel voltages. The voltage setting unit 114, electri-
cally connected to the voltage analysis unit 112 and the data
lines 150, 1s utilized for setting each data line voltage
according to the control signal Sctr, e.g. setting the voltage
at the data line DLm based on the control signal Sctr
generated through performmg a comparison operation over
the voltage diflerence Vdill between the pixel voltage
VPn_m and the pixel voltage VPn+1_m.

FIG. 2A 1s a schematic diagram showing related signal
wavelorms regarding the operation of the display apparatus
100 illustrated 1n FIG. 1 based on a first pixel voltage driving
method, having time along the abscissa FIG. 2B 1s a sche-
matic diagram showing the related signal waveforms 1llus-
trated 1 FIG. 2B, where the reference voltage 1s a ground
voltage. The signal waveforms i FIG. 2A, from top to
bottom, are the gate signal SGn, the gate signal SGn+1, the
data signal SDm corresponding to a comparison result
Vdi: T}Vpd and the data signal SDm correspondmg to a
comparison result Vdif <Vpd It 1s noted that, 1n another
embodiment, the comparison results Vdill=zVpd and
Vdifl<Vpd may be replaced with Vdill>Vpd and Vdifi=Vpd
respectively. Referring to FIG. 2A 1n conjunction with FIG.
1, during an interval TP1, the scan driver 120 provides the
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scan signal SGn having high voltage level for enabling the
writing operation of the pixel Pn_m. At this time, the data
driver 110 furnishes the data signal SDm having the pixel
voltage VPn_m to the data line DLm, and the pixel voltage
VPn_m 1s then written 1nto the pixel Pn_m. It 1s noted that
the voltage analysis unit 112 may perform the difference and
comparison operations related to the pixel voltages VPn_m
and VPn+1_m belfore or after writing the pixel voltage
VPn_m into the pixel Pn_m. During an interval TP2, the
scan driver 120 provides the scan signal SGn+1 having high
voltage level for enabling the writing operation of the pixel
Pn+1_m. At this time, the data driver 110 furnishes the data
signal SDm having the pixel voltage VPn+1_m to the data
line DLm, and the pixel voltage VPn+1_m 1s then written
into the pixel Pn+1_m.

During an interval Tx between the interval TP1 and the
interval TP2, 1.e. after writing the pixel voltage VPn_m into
the pixel Pn_m and before furnishing the data signal SDm
having the pixel voltage VPn+1_m to the data line DLm, 1
the voltage difference Vdifl 1s not less than the preset value
Vpd, the voltage setting unit 114 sets the voltage at the data
line DLm to be a reference voltage Vr according to the
control signal Sctr, e.g. connecting the data line DLm to a
power line having the reference voltage Vr according to the
control signal Sctr. The reference voltage Vr may be a
ground voltage, as shown 1n FIG. 2B, or an intermediate
voltage between the highest and lowest pixel voltages, as
shown 1n FIG. 2A. That 1s, in the process of switching the
data signal SDm from the pixel voltage VPn_m to the pixel
voltage VPn+1_m, the bufler 118 electrically connected to
the data line DLm 1s required to convert the voltage at the
data line DLm simply from the reference voltage Vr to the
pixel voltage VPn+1_m, thereby significantly reducing the
driving power consumption of the bufiler 118. It 1s noted that
the voltage setting unit 114 1s required to disconnect the data
line DLm from the aforementioned power line having the
reference voltage Vr during the interval TP2, such that the
bufler 118 connected to the data line DLm 1s allowed to
output the pixel voltage VPn+1_m.

Alternatively, 1t the voltage difference Vdiil 1s less than
the preset value Vpd, the voltage at the data line DLm 1s
retained to be around the pixel voltage VPn_m during the
interval Tx, for saving additional charge/discharge driving
power consumption caused by unnecessary voltage switch-
ing of the data line DLm. In particular, when the pixel
voltage VPn+1_m 1s equal to the pixel voltage VPn_m, 11 the
voltage at the data line DLm 1s first switched from the pixel
voltage VPn_m to the reference voltage Vr and then
switched to the pixel voltage VPn+l_m, an unnecessary
voltage switching operation over the data line DLm 1s
performed, thereby resulting 1n additional charge/discharge
driving power consumption. On the contrary, i the voltage
at the data line DLm 1s retamned to be around the pixel
voltage VPn_m identical to the pixel voltage VPn+1_m
during the interval Tx, the charge/discharge driving power
consumption dissipated in the operation of the display
apparatus 100 from the interval TP1 to the interval TP2 1s
almost null.

FIG. 3 1s a chart showing an analysis of pixel voltages/
data line voltages regarding the operation of the display
apparatus 100 having adaptation-mode data line voltage
driving mechanism illustrated 1 FIG. 1 based on the first
pixel voltage driving method. FIG. 4 1s a chart showing an
analysis of pixel voltages/data line voltages regarding the
operation of a display apparatus having tradition-mode data
line voltage driving mechanism. FIG. 3 1s a chart showing an
analysis of pixel voltages/data line voltages regarding the
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operation of a display apparatus having power-division-
mode data line voltage driving mechanism. It 1s noted that,
while performing the first pixel voltage driving method
corresponding to the adaptation-mode data line voltage
driving mechanism 1n FIG. 3, the preset value Vpd may be
30V or a positive voltage less than 30V, and the reference
voltage Vr 1s OV. Besides, the display device having tradi-
tion-mode or power-division-mode data line voltage driving,
mechanism includes the data lines 150, the scan lines 160
and the pixel array 170 shown i FIG. 1.

As shown in FIG. 3, in the operation of the display
apparatus 100 having adaptation-mode data line voltage
driving mechanism based on the first pixel voltage driving
method, since the voltage difference Vdiil between the pixel
voltage VPn_m-2 and the pixel voltage VPn+1_m-2 1s less
than the preset value Vpd, the data signal SDm-2 of the data
line DLm-2 during the interval Tx between pulses of SGn
and SGn+1 1s retamned to be around the pixel Voltage
VPn_m-2 (-15V). Likewise, since the voltage difference
Vdifl between the pixel voltage VPn_m-1 and the pixel
voltage VPn+1_m-1 1s less than the preset value Vpd, the
data signal SDm-1 of the data line DLm-1 durning the
interval Tx 1s retained to be around the pixel Voltage
VPn_m-1 (-15V). Further, since the voltage difference
Vdifl between the pixel voltage VPn_m+2 and the pixel
voltage VPn+1_m+2 1s less than the preset value Vpd, the
data signal SDm+2 of the data line DLm+2 during the
interval Tx 1s retamned to be around the pixel Voltage
VPn_m+2 (+15V). Besides, since the voltage difference
Vdifl between the pixel Voltage VPn_m and the pixel
voltage VPn+1_m 1s not less than the preset value Vpd, the
data signal SDm of the data line DLm during the interval Tx
1s set to be the reference voltage Vr (0V). Finally, since the
voltage diflference Vdill between the pixel voltage VPn_m+1
and the pixel voltage VPn+1_m+1 1s not less than the preset
value Vpd, the data signal SDm+1 of the data line DLm+1
during the interval Tx 1s set to be the reference voltage Vr
(0OV). Accordingly, 1n the process from the interval Tx to the
interval TP2 as shown in FIG. 2A, the voltage changing
amounts ASD of the data lines DLm-2, DLLm-1 and DLm+2

are all substantially null, and the voltage changing amounts
ASD of the data lines DLm and DLm+1 are both around
15V. As a result, in the atorementioned operation of the
display apparatus 100 having adaptation-mode data line
voltage driving mechanism based on the first pixel voltage
driving method, the voltage changing amounts ASDm-
2~ASDm+2 of the data lines DLm-2~DLm+2 driven by the
butlers 118 connected thereto are totaled to 30V.

As shown in FIG. 4, in the operation of the display
apparatus having tradition-mode data line voltage driving
mechanism based on a corresponding pixel voltage driving,
method thereof, the voltages of the data lines DLm-
2~DLm+2 during the interval Tx between pulses of SGn and
SGn+1 are retained to be around the pixel voltages VPn_m-—

2~VPn_m+2 respectively, such that the voltage changing
amounts ASDm-2~ASDm+2 of the data lines DLm-

2~DL.m+2 are totaled to 60V. As shown in FIG. 5, 1n the
operation of the display apparatus having power-division-
mode data line voltage driving mechanism based on a
corresponding pixel voltage driving method thereof, the
voltages of the data lines DLm-2~DLm+2 during the inter-
val Tx between pulses of SGn and SGn+1 are all set to be
the reference voltage Vr (0V), such that the voltage changing,
amounts ASDm-2~ASDm+2 of the data lines DLm-
2~DLm+2 are totaled to 75V. With the above 1n mind, 1t 1s
obvious that, compared with the operation of the prior-art
display apparatus having tradition-mode or power-division-
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6

mode data line voltage driving mechanism, the operation of
the display apparatus 100 having adaptation-mode data line
voltage driving mechanism obtains much better perfor-
mance 1n reducing the total driving power consumption of
the buflers 118 through significantly lowering the total
voltage changing amount of data lines driven by the buflers
118.

FIG. 6 1s a schematic diagram showing related signal
wavelorms regarding the operation of the display apparatus
100 1illustrated in FIG. 1 based on a second pixel voltage
driving method, having time along the abscissa. The signal
wavelorms 1n FIG. 6, from top to bottom, are the gate signal
SGn, the gate signal SGn+1, the data signal SDm corre-
sponding to a comparison result Vdili=zVpd, and the data
signal SDm corresponding to a comparison result
Vdili<Vpd. Similarly, 1n another embodiment, the compari-
son results Vdifl=Vpd and Vdifl<Vpd may be replaced with
Vdifl>Vpd and Vdili=Vpd respectively. Referring to FIG. 6
in conjunction with FIG. 1, during an interval TP1, the scan
driver 120 provides the scan signal SGn having high voltage
level for enabling the writing operation of the pixel Pn_m.
At this time, the data driver 110 furnishes the data signal
SDm having the pixel voltage VPn_m to the data line DLm,
and the pixel voltage VPn_m 1s then written into the pixel
Pn_m. During an interval TP2, the scan driver 120 provides
the scan signal SGn+1 having high wvoltage level for
ecnabling the writing operation of the pixel Pn+1_m. At this
time, the data driver 110 furnishes the data signal SDm
having the pixel voltage VPn+1_m to the data line DLm, and
the pixel voltage VPn+1_m 1s then written into the pixel
Pn+1_m.

During a first interval Tx1 after the interval TP1, 1t the
voltage diflerence Vdill 1s not less than the preset Value Vpd,
the voltage setting unit 114 sets the voltage at the data line
DLm to be a first reference voltage Vrl according to the
control signal Sctr. Further, during a second interval Tx2
between the first interval Tx1 and the interval TP2, the
voltage setting unit 114 sets the voltage at the data line DLm
to be a second reference voltage Vr2 different from the first
reference voltage Vrl according to the control signal Sctr.
The first reference voltage Vrl and the second reference
voltage Vr2 are two intermediate voltages between the
highest and lowest pixel voltages. That 1s, 1n the process of
switching the data signal SDm from the pixel voltage
VPn_m to the pixel voltage VPn+l_m, the bufler 118
clectrically connected to the data line DLm 1s required to
convert the voltage at the data line DLm simply from the
second reference voltage Vr2 to the pixel voltage VPn+1_m,
thereby significantly reducing the driving power consump-
tion of the bufler 118. Alternatively, 11 the voltage difference
Vdiil 1s less than the preset value Vpd, the voltage at the data
line DLm 1s retained to be around the pixel voltage VPn_m
during the first interval Tx1 and the second interval Tx2, for
saving additional charge/discharge driving power consump-
tion caused by unnecessary voltage switching of the data
line DLm. It 1s noted that, in the operation of the display
apparatus 100 based on the second pixel voltage driving
method, the intermediate period between the mterval TP1
and the 1nterval TP2 may be divided into more intervals so
as to provide a multi-stage voltage changing process of
switching the data signal SDm from the pixel voltage
VPn_m to the pixel voltage VPn+1_m with the aid of more
reference voltages.

FIG. 7 1s a flowchart depicting the first pixel voltage
driving method for use in the display apparatus 100 1llus-
trated in FIG. 1. As shown in FIG. 7, the flow 800 of the first

pixel voltage driving method comprises the following steps:
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Step S810: providing the first pixel voltage VPn_m and
the second pixel voltage VPn+1_m to be written into the first
pixel Pn_m and the second pixel Pn+lm respectively,
wherein the first pixel voltage VPn_m and the second pixel
voltage VPn+1_m are employed to illustrate one and the
same frame;

Step S815: writing the first pixel voltage VPn_m into the
first pixel Pn_m:;

Step S820: calculating the voltage difference Vdift
between the first pixel voltage VPn_m and the second pixel
voltage VPn+1_m;

Step S825: judging whether the voltage difference Vdiil 1s
greater or not less than the preset value Vpd; if the voltage
difference Vdiil 1s greater or not less than the preset value
Vpd, go to step S830; otherwise, go to step S880;

Step S830: setting the voltage of the data line DLm to be
the reference voltage Vr during the interval after writing the
first pixel voltage VPn_m into the first pixel Pn_m and
betore Turnishing the second pixel voltage VPn+1_m to the
second pixel Pn+1_m, wherein the data line DLm 1s elec-
trically connected to the first pixel Pn_m and the second
pixel Pn+1_m:;

Step S880: retaiming the voltage of the data line DLm to
be around the first pixel voltage VPn_m during the interval
alter writing the first pixel voltage VPn_m 1into the first pixel
Pn_m and before furnishing the second pixel voltage VPn+
1_m to the second pixel Pn+1_m; and

Step S890: furnishing the second pixel voltage VPn+1_m
to the data line DLm and writing the second pixel voltage
VPn+1_m into the second pixel Pn+1_m.

In the flow 800 of the first pixel voltage driving method
described above, the preset value Vpd may be a voltage
difference between the highest and lowest pixel voltages.
Alternatively, the preset value Vpd may be a positive voltage
less than the voltage difference between the highest and
lowest pixel voltages, e.g. the preset value Vpd may be half
the voltage diflerence between the highest and lowest pixel
voltages. The reference voltage Vr may be a ground voltage
or an intermediate voltage between the highest and lowest
pixel voltages. In the embodiment shown in FIG. 7, the step
S820 of calculating the voltage difference Vdiil between the
first pixel voltage VPn_m and the second pixel voltage
VPn+1_m 1s performed after the step S815 of writing the
first pixel voltage VPn_m into the first pixel Pn_m. In
another embodiment, the step S820 of calculating the volt-
age difference Vdill between the first pixel voltage VPn_m
and the second pixel voltage VPn+1_m is performed prior to
the step S815 of writing the first pixel voltage VPn_m 1nto
the first pixel Pn_m.

FIG. 8 1s a tlowchart depicting the second pixel voltage
driving method for use in the display apparatus 100 1llus-
trated 1n FIG. 1. As shown 1in FIG. 8, the flow 900 of the
second pixel voltage driving method comprises the follow-
Ing steps:

Step S810: providing the first pixel voltage VPn_m and
the second pixel voltage VPn+1_m to be written into the first
pixel Pn_m and the second pixel Pn+l_m respectively,
wherein the first pixel voltage VPn_m and the second pixel
voltage VPn+1_m are employed to illustrate one and the
same frame;

Step S815: writing the first pixel voltage VPn_m into the
first pixel Pn_m:;

Step S820: calculating the voltage difference Vdiff
between the first pixel voltage VPn_m and the second pixel
voltage VPn+1_m;

Step S825: judging whether the voltage difference Vdiil 1s
greater or not less than the preset value Vpd; 11 the voltage
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difference Vdiil 1s greater or not less than the preset value
Vpd, go to step S840; otherwise, go to step S880;

Step S840: setting the voltage of the data line DLm to be
the first reference voltage Vrl during the first interval after
writing the first pixel voltage VPn_m into the first pixel
Pn_m, wherein the data line DLm 1s electrically connected
to the first pixel Pn_m and the second pixel Pn+1_m;

Step S845: setting the voltage of the data line DLm to be
the second reference voltage Vr2 different from the first
reference voltage Vrl during the second interval after the
first interval and before furmishing the second pixel voltage
VPn+1_m to the second pixel Pn+1_m;

Step S880: retaining the voltage of the data line DLm to
be around the first pixel voltage VPn_m during the interval
alter writing the first pixel voltage VPn_m 1nto the first pixel
Pn_m and before furnishing the second pixel voltage VPn+
1_m to the second pixel Pn+1_m; and

Step S890: furnishing the second pixel voltage VPn+1_m
to the data line DLm and writing the second pixel voltage
VPn+1_m into the second pixel Pn+1_m.

As shown 1 FIG. 8, the tlow 900 of the second pixel
voltage driving method 1s similar to the flow 800 of the first
pixel voltage driving method shown 1n FIG. 7, differing in
that the step S830 1s replaced with the steps S840 and S845.
The first reference voltage Vrl and the second reference
voltage Vr2 recited 1n steps S840 and S84S5 are two inter-
mediate voltages between the highest and lowest pixel
voltages.

Summarizing the above, the present invention provides a
display apparatus having adaptation-mode data line voltage
driving mechanism and pixel voltage driving method thereof
for performing adaptive data line voltage setting operation
during an intermediate period between pixel voltage writing
intervals of two adjacent pixels so as to lower total data line
voltage changing amount, thereby reducing data line driving
power consumption.

The present mvention 1s by no means limited to the
embodiments as described above by referring to the accom-
panying drawings, which may be modified and altered 1n a
variety of different ways without departing from the scope of
the present invention. Thus, 1t should be understood by those
skilled 1n the art that various modifications, combinations,
sub-combinations and alternations might occur depending
on design requirements and other factors isofar as they are
within the scope of the appended claims or the equivalents
thereof.

Those skilled 1n the art will readily observe that numerous
modifications and alterations of the device and method may
be made while retaining the teachings of the invention.
Accordingly, the above disclosure should be construed as
limited only by the metes and bounds of the appended
claims.

What 1s claimed 1s:

1. A pixel voltage driving method adapted in a display
apparatus having adjacent first and second pixels disposed 1n
different rows, the pixel voltage driving method comprising:

providing a first pixel voltage and a second pixel voltage

to be written 1nto the first and second pixels respec-
tively, wherein the first and second pixel voltages are
employed to illustrate a same frame;

outputting the first pixel voltage to a data line electrically

connected to the first and second pixels by a data driver
for driving the first pixel during a first time interval;
when the first pixel voltage and the second pixel voltage
having different polarities and a difference between the
first pixel voltage and the second pixel voltage being
greater than a preset value, the data driver outputting a
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reference voltage to the data line electrically connected
to the first and second pixels during an intermediate
time interval;
when the first pixel voltage and the second pixel voltage
having same polarity and the difference between the 3
first pixel voltage and the second pixel voltage being
smaller than the preset value, the data driver retaining,
a voltage of the data line electrically connected to the
first and second pixels to be substantially equal to the
first pixel voltage during the intermediate time nterval; 10
and
outputting a second pixel voltage to the data line electri-
cally connected to the first and second pixels by the
data driver for driving the second pixel during a second
time 1nterval following the intermediate time interval; 15

wherein the intermediate time 1nterval 1s between the first
time interval and the second time interval, and the
preset value 1s a positive number.

2. The pixel voltage driving method of claim 1, wherein
the reference voltage 1s a ground voltage. 20
3. The pixel voltage driving method of claim 1, wherein
the reference voltage 1s an intermediate voltage between the

first pixel voltage and the second pixel voltage.

4. A pixel voltage dniving method for use 1 a display
apparatus having adjacent first and second pixels disposed 1n 35
different rows, the pixel voltage driving method comprising:

providing a first pixel voltage and a second pixel voltage

to be written 1nto the first and second pixels respec-
tively, wherein the first and second pixel voltages are
employed to illustrate a same frame;

10

calculating a voltage difference between the first and
second pixel voltages, and comparing the voltage dif-
ference with a preset value for generating a comparison
result;

determiming 11 a data line electrically connected to the first
and second pixels in the display apparatus 1s set to a
reference voltage during an interval after writing the
first pixel voltage into the first pixel and before fur-
nishing the second pixel voltage into the second pixel
according to the comparison result;

when the voltage difference 1s smaller than the preset
value, retaining a voltage of a data line electrically
connected to the first and second pixels 1n the display
apparatus to be substantially equal to the first pixel
voltage during an interval after writing the first pixel
voltage into the first pixel and before furnishing the
second pixel voltage to the second pixel; and

when the voltage difference 1s greater than the preset
value, setting the voltage of the data line electrically
connected to the first and second pixels 1n the display
apparatus to be the reference voltage during the interval
after writing the first pixel voltage ito the first pixel
and before furnishing the second pixel voltage to the
second pixel;

wherein when the first pixel voltage and the second pixel
voltage are unequal, the reference voltage 1s between
the first and second pixel voltages, and the preset value
1s a positive number.
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